IEET 231 Lecture 25
Motor Starters/Controls

!S There are about 1 Billion motors in service in the United

tates

I Motors account for 67% of the total U.S. electric energy use

I Only 2% of motors are bigger than 5 hp

I That 2% accounts for 70% of the energy used by motors
From the Electric Power Research Institute (EPRI)

OBJECTIVES

a. Draw a schematic for a basic motor starter, including push
button controls and overload protection.

b. Know the symbols for and the principles of operation for
nomally open and closed relays (with or without time delay),
push buttons, and coils.
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gusrn:

relay unlatches when
flux goes through
zero then pulls in
again => chatter

—

m ;

shading pole
causes a flux
component out of
phase with orig.
flux = no chatter
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Symbols
Seneral contacts  nomal means the
power off or
N.Oﬁ' l— deenergized state NC J{ '
= =l S
e A —
pow. off  pow. on pow. off  pow. on
Pushbutton contacts (PB)
1 l 0O | o N.C.
9 O © O NO..
NO - push NC -push dual contacts
to start to stop single PB
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Time delay contacts
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JONRO!
C - contactor Lamp
M - motor starter |
H - heater G Motor
X - auxiliary B
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Motor Starters \M
A B C
| _n.o. phase
auxiliary | / f | / contacts
contact — | | | | | =
| | | = over
j/%f yaR:N
| ? . Sensors
Yy /| themal or
M # “magnetic

OL sensors detect abnommal conditions (overload or

single phasing) and provide signal to shut down if
necessary
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Bimetallic overload T -
reset solder p4@~*"

cod [ = pot
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latch é gear
hot % wheel
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%Sprlng
different metals expand
at diff. rates when heated Vel | |
so contact bends away ting alloy |
when too hot overload
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‘\QTypes of overload detectors

Thermal can be affected by ambient temp. &
are thus less precise, but can be
mounted in windings for very accurate
indication of overheating

Magnetic detect B field due to currents in
winding. Very good for detecting
single phasing

Electronic obtain signal from sensor and
cause relay to operate
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Motor starters and contactors can control large amounts
of power with low-voltage, low power devices

Thus, there are two circuits involved:

- power circuit
- control circuit

each of which is wired independently

However, their operations are interdependent
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Wiring a motor starter

M1

, 20
=
M1

power circuit

480 Volts
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24Vor120V control circuit
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= 24V or 120V e
5 —
1 ‘—o ' e—9o ¢ M1

Rail

2 sealing l I Y\/zRungs

contact M1-a

OL relay is drawn as a NC relay, but only opehs when
there is an overload

Sealing (or holding) relay keeps ckt on when start is
released

ladder diagram

Shide 150f 17

Sides are rails, cross-paths are rungs =

Two and three wire control

™ | :
| i i =T
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If relay unlatches, system must be restarted
— ——
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motor
‘starter
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wiring diagrams - much more

difficult to work from
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EET 231Lecture 26
Ladder diagram development

Objectives:

a. Be able to construct a ladder diagram for a control circuit
given the operational requirements for the system.

b. Given a ladder diagram:

ldentify the purpose of each component

ldentify what each component is

Properly label the rung numbers to the left of left rail
Properly label control functions to the right of the right rail
Describe the operation of the control circuit
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Steps for developing é ladder diagram

Process is as much an art as science, however, certain
steps can be followed:

Consider system, make skefch of all components
—

List out the desired operating sequence - table,
ntences, or state-d @ram —
Draw ladder diggram to achieve desired operation

Verify operation of ladder diagram
anually run through operation

list each device when operated

cross off each device when deactivated

End of cycle =* everything should be crossed off
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Some similarities to digital circuit design

- AND function
two or more things must happen

“Aand B> T® €EresGr2r ‘rrhj. |
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Conventions for ladder diagrams
- power source may not be shown

1) L2

-@Switches and relays are @and goon
the left side of the TuNgs

@nps, colls, hormns, etc are outputs
on the right side of the rungs

- all OL relays may be
shown as one

S e

S AR
- one input can control | IH | =0
multiple outputs in parallel

- rungs are consecutively numbered from top to
bottom to the left of the left rung
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Conventions for ladder diagrams

- rungs are consecutively numbered from top to bottom to the
left of the left rung

- - sequence of operation is generally from top to bottom but
- some skipping around may occur

- - any given relay, contactor, or motor starter may have multiple
contacts which can be used anywhere in the diagram

-3 rung numbers of controlled contacts are placed to the right of
the right rung. Underlined numbers indicate a nomally closed

contact

- contacts are labeled with the same alphanumeric designation
as the coll that controls them
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Example

Design controls for a heater and blower device

~ Specifications:
@Fcircuit should have manual on-off control

es equires a start/stog Eushbuggn set

O blower shouldn’t come on until heater IS wam

» # need themostat or {pe delay relay
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Example (C"V\'j

Specifications:

A
- green light on whenever&tart switch is onyto the
control circuit :_heater is Off

- H*f@ﬁl
- -red lig.h’?vihen the%eriy N él‘ l
’_B' p N
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Example (“ﬂﬂ
Specifications:
’E_Iﬁatermmemg%s%f_vmmsi&d
; emperature is re

& need themostat
' once furned on, dewce should cycle on and
- offas temperature changes

o chhen themmostat
‘I* shuts off heater and blower

SR —— o
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A i Contactor
N Pk | Heater
. ) ,
H
H
H S
Motor starter | |
Power ‘ Y pos
Circuit | M
o X
e L =
OL sensors
. ‘.M} : Slide 130£17
| State# State Condition |
0 No power available, system Ris dead
1 System is completely off,qé rail ,
of ladder diagram is hot (€s #Thes PeSet
2 SomtroPpeweren, thermostat off, green on
3 Themostat closed, heater on, green off,
redon (i€, WE wheT M)
4 Same as 3, but motor is on
5 Everything shut down due to motor OL
| OL tripped
NOTE:

1. from any state a power failure goes back to st. zero

2. from any state>1, push stop to retum to state 1
3. from state 5, reset OL to retum to state 1
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- Create State Diagram: e :d‘ o
§ ‘w ﬁ; : c
pu | |
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